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Introduction
Over the last two decades, square planar d 8 platinum complexes have attracted intensive attention as phosphors in organic light-emitting diodes (OLEDs) due to their high spin-orbit coupling constants and diverse excited states, such as metal-to-ligand charge transfer (MLCT), metal-metal-to-ligand charge transfer (MMLCT), ligand center charge transfer (LC), interligand charge transfer (ILCT) [1] [2] [3] [4] . To date, OLEDs using platinum complexes with high efficiency across the whole visible and near-infrared region have been realized [5] [6] [7] [8] . Yet, these devices generally emit light without polarization, which makes them unsuitable for applications such as the backlight of liquid crystal displays (LCDs) and three-dimension (3D) imaging systems [9] [10] [11] [12] .
Polarized emission is usually obtained with a polarizer and a non-polarized light source. Consequently, more than 50% of the produced light is wasted due to absorption by the polarizer. To solve this issue and improve the energy efficiency of polarized light sources, imparting liquid crystalline properties to luminescent materials has been intensively studied as a strategy to directly obtain polarized emission [13] . Since the first example of linearly polarized electroluminescence (EL) was reported by Dyreklev et al. using an aligned polymer film [14] , the research focusing on polarized emission from fluorescent liquid crystal molecules and polymers has flourished [15] [16] [17] [18] [19] [20] [21] [22] . However, fluorescent materials can harvest only singlet excitons, which further limits the efficiency of electroluminescent devices.
Phosphorescent square planar platinum complexes appear very promising in view M A N U S C R I P T
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4 of achieving efficient polarized electroluminescence: by harvesting both singlet and triplet excitons they could lead to 100% internal quantum efficiency and their planar structure favor the formation of liquid crystalline phases and promotes charge mobility in OLEDs. Efforts have been particularly devoted to developing arylpyridine derivative based platinum metallomesogens [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] . Although these platinum metallomesogens showed intense emission both in solution and in solid state [37] [38] [39] [40] [41] , the investigation of the polarized emission is still limited, with only few reported examples. The first study of the polarized EL emission using mesogenic platinum complex was reported by Liu et al., in which a R (polarized ratio) of 2, maximum luminance of 2000 cd/m 2 and current efficiency of 2.4 cd/A were observed [38] .
In our previous work, mononuclear and dinuclear platinum-based metallomesogens bearing 2-phenylpyridine ligand showed a polarized ratio up to 10.7 in PL emission after annealing the complexes on a pre-aligned polyimide film [40, 41] . Considering the stacking of discotic mesogens into extended one-dimensional column liquid crystals [42] , most recently, we successfully combined discotic mesogens such as triphenylenes with platinum complex and thus obtained new metallomesogens with columnar phases [43, 44] . Encouraged by these results, a new series of platinum bearing triphenylene and carbazole units, namely Pt5-Pt8, were designed and prepared (Chart 1). In order to explore the structure-property relationship, the alkyl-chains between triphenylene moiety and platinum skeleton varied from conjugation to non-conjugation. To enhance the emission efficiency and the thermal stability, carbazole unit was grafted onto the cyclometalated ligand. All these platinum M A N U S C R I P T
5 complexes were characterized by 1 H NMR, 13 C NMR, MALDI TOF-MS and elemental analysis. The mesomorphic behavior was studied by differential scanning calorimetry (DSC), polarized optical microscopy (POM) and X-ray diffraction (XRD), while the optophysical properties were investigated with UV-visible absorption, PL emission, cyclic voltammetry (CV) and hole mobility measurements. Polarized
OLEDs were fabricated using Pt5 and Pt6 as the dopants, respectively, and the first example of polarized white emission using platinum complex was obtained for Pt6 doped device.
Experimental section

Materials and measurement
All reagents were purchased from J&K Chemical and Aladdin companies. All reactions were carried out under N 2 atmosphere. Compounds 6 and monohydroxypentaalkoxytriphenylene (10) were reported in previous literatures [42, 45] . 1 
Devices fabrication and characterization
A layer of poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate) (PEDOT:PSS) was spin-coated on the ITO glass substrate after UV-ozone treatment. After baking of PEDOT:PSS at 120 °C for 10 mins, another layer of poly(N-vinylcarbazole) (PVK) was spin-coated directly and then baked at 120 °C for another 10 mins. In order to obtain polarized emission, we managed to pattern the emitting layer via different methods (annealing or rubbing, see below) after spin-coating of the platinum complex doped poly(9,9-dioctylfluorene) (PFO) onto the hole transporting layer PVK. An and then baked at 120°C for 10 min)/B3YMPM (50 nm)/Ca (100 nm)/Al (100 nm).
All the devices were encapsulated under a nitrogen atmosphere using UV curable epoxy. The current-voltage-luminance characteristics were collected with a PR735 spectrascan spectrometer and a Keithley 2400 programmable source meter. The (polarized) EL spectra were recorded by an Ocean Optics USB2000 spectrometer. The EL intensities parallel and perpendicular to the rubbing direction (along the ITO stripe) could be distinguished by aligning a linear polarizer inserted between the OLEDs and the spectrometer at two mutually perpendicular directions which were denoted as H (horizon) and V (vertical).
Hole mobilities
The hole mobility was measured using the space charge limited current (SCLC) 
9-(4-(5-bromopyridin)phenyl)-3,6-diethyl-9H-carbazole (5)
A mixture of compound 4 (480 mg, 1.1 mmol), 2,5-dibromopyridine (260 mg, 1.65 mmol), cesium carbonate (1.0 g, 3.3 mmol), tetrakis(triphenylphosphine)palladiun (0) (38 mg, 0.032 mmol) and THF (40 mL) was refluxed for 24 h in nitrogen atmosphere.
After cooling to RT, the mixture was extracted with CH 2 Cl 2 and washed with water. 
6-(4-(3,6-diethyl-9H-carbazol-9-yl)phenyl)nicotinaldehyde (7)
A mixture of compound 4 (500 mg, 1. give as a faint yellow solid 7 (270 mg, 55% After removed the solvent, the residue was purified by silica gel column chromatography using EA as eluent to give as yellow solid 8 (210 mg, 78%). 
Generation procedures for synthesis platinum complexes
Cyclometalated ligand (LG-1/LG-2) (2.2 eq) and K 2 PtCl 4 (1.0 eq) in a mixture of M A N U S C R I P T
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14 chloroform (4 mL), distilled water (2 mL) and 2-ethoxyethanol (6 mL) was heated to 80 o C for 24 h in nitrogen atmosphere. After cooling to RT, the reaction mixture was extracted with CH 2 Cl 2 , and the organic layer was collected and dried with Na 2 SO 4 .
After removed the solvent, the dimer was obtained and used to the next step without any further purification.
A mixture of dimer (1.0 eq), ancillary ligand (3.0 eq), sodium carbonate (10.0 eq) and 
Results and discussion
Synthesis and characterized
The synthetic route of platinum complexes is depicted in complexes were finally synthesized according to the conditions reported by our group [40, 41] . All the platinum complexes were confirmed by 1 H NMR, 13 C NMR, MALDI
TOF-MS and elemental analysis (ESI †).
Thermal properties
The thermal stability of all platinum complexes was evaluated by TGA under a [43] . As seen from Table 1 , the platinum complexes with dibenzoylmethane (DBM) moiety (Pt6 and Pt8) are much more stable than the platinum complexes with M A N U S C R I P T
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18 acetylacetone (acac) ligand (Pt5 and Pt7). Additionally, the trend in thermal stability (Pt5<Pt7) clearly illustrates that the alkyl-chains length between triphenylene and platinum core has a positive impact on the thermal stability.
The mesomorphic behavior of these platinum complexes was investigated by DSC, POM and XRD. DSC scan was initially carried out to study the thermotropic property under nitrogen atmosphere. The DSC curves exhibit distinct patterns as a function of the molecular structure (ESI †). As for the platinum complexes with acac ligand (Pt5 and Pt7), no clear endothermic peak and exothermic peak are found upon heating and cooling curves ( Table 1 and ESI †), which is similar to the previously reported triphenylene-based compounds [47] [48] [49] [50] . In contrast, the platinum complexes with DBM ligand possess obviously phase transition peak owing to the more periphery alkyl chains. Pt6 shows two endothermic peaks indicating multiple phase transitions upon heating process. However, the phase transition is not observed on cooling from DSC [45, 49, 51] . Pt8 shows two endothermic peaks and one exothermic peak on cooling, respectively. Notably, the clearing point decreases with the increased length of the alkyl-chain between the triphenylene and the platinum core complex.
Based on the DSC results, POM results demonstrated that only Pt6 showed fluidity and liquid crystal characters, with birefringence upon cooling. As shown in Figure 1 , complex Pt6 exhibits a branched leaf-like texture when cooling from the isotropic liquid, indicating a typical columnar phase [45, 52] . Although Pt5 presents an obviously birefringence phenomenon, it also seems to be some small crystals ( Figure   1 ). In contrast, for complexes Pt7 and Pt8, we did not detect any fluidity and triphenylene-based compounds we assign the structure to a columnar phase [55] [56] [57] .
However, for complex Pt5, the temperature-dependent XRD could not offer more evidences for the liquid crystalline state. Therefore, Pt5 was mainly tentative assigned to crystal structure.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 20
Optical Properties
The absorption spectra of the complexes were measured in dichloromethane (CH 2 Cl 2 , 10 -5 M) at room temperature (Figure 3) , and the data are listed in Table 2 . 3 MLCT transition according to previous report [58] . It is noted that the platinum complexes with DBM ligand (Pt6 and Pt8) exhibit a stronger absorption in the range of 300-370 nm than the platinum with acac moiety (Pt5 and Pt7). This result could be referred to electronic transitions involving the DBM moiety. Due to the expanded π-conjugation, Pt5 and Pt6 display a red-shifted absorption in low-energy region compared to other platinum complexes. Therefore the grafted aliphatic chain in cyclometalating ligand has a significant influence on their absorption property.
As shown in Figure 4 , all platinum complexes display resolved vibrational emission spectra, generated from π-π* electron transitions. Pt7 and Pt8 show similar 
Electrochemical Properties
The electrochemical properties of platinum complexes were evaluated by cyclic voltammetry in CH 2 Cl 2 solution using ferrocene/ferrocenium (Fc/Fc + ) as an internal and lowest unoccupied molecular orbital (LUMO) levels are estimated via the formula of E HOMO = -(4.8 + E ox ) eV and E LUMO = -(E HOMOopt E g ) eV [59] , respectively. As seen from Table S1 , the ancillary ligand with DBM unit has a M A N U S C R I P T
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22 stabilizing effect on HOMO and LUMO of the platinum complexes. All platinum complexes possess the energy band gaps from 2.63 to 2.82 eV (Table S1 ). Pt5 and Pt6 display relatively narrow energy band gaps compared to other platinum complexes, owing to the extended π-conjugation, which is also supported by absorption and emission properties.
Hole Mobilities
The hole mobilities of platinum complexes were also measured by the space charge . The results imply that the hole mobilities decreases with the increased aliphatic chains between the platinum core and triphenylene.
Polarized Devices
In order to systematically investigate the polarized EL of the platinum complexes, Pt5 and Pt6 were selected as the emitter. Poly(9,9'-dioctylfluorene) (PFO) was chosen as the host matrix because of its outstanding liquid crystalline and polarized emission [20, 21] . Initially, the polarized OLEDs were fabricated with the configuration of respectively. This result indicates that complex Pt5 has an inferior self-assemble property than Pt6 in PFO film, which is also confirmed that Pt5 could be crystal.
Notably, the emission parallel to the rubbing direction is stronger than that perpendicular to the rubbing direction, implying the PFO and platinum complexes could be aligned with the rubbing [38] .
To elucidate the effect of molecular order on polarized emission, a series of devices based on Pt6 were fabricated with different procedures to prepare the aligned emissive layer (Experimental Section). The EL data of these devices are listed in Table S3 . The aligned emissive layer in device I was processed without any special it provides the strategy to achieve polarized white emission, which is necessary for the application of backlight in liquid crystal displays.
Conclusions
In summary, a series of novel platinum complexes were synthesized and .
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Research Highlights
A series of platinum complexes, Pt5-P8, containing triphenylene unit were prepared and characterized.
Complex Pt6 exhibits a column phase evidenced by DSC, POM and XRD.
All of platinum complexes show intense emission both in solution and solid state.
Polarized white OLED with polarized ratio of 1.4 was achieved in Pt6-based device.
